nhancing care coordination for older adults transitioning from hospital to home with home health services is a critical strategy for reducing healthcare costs and increasing healthcare quality. 1 National data from the Centers for Medicare and Medicaid Services (CMS) indicate that 15.9% of Medicare fee-for-service (FFS) beneficiaries receiving home health services have a hospital readmission and that 9.7% use the emergency department (ED) within 60 days of discharge. 2 Care transitions programs (CTPs) incorporate coordinated actions and communication to optimize care as individuals transfer between settings. 3 Research on CTPs indicates that successful models can reduce hospital readmissions, decrease returns to the ED, and improve quality of life. 4 Payers, under pressure to reduce healthcare costs, now provide providers with incentives to adopt efficient care models through programs like the CMS Hospital Readmissions Reduction Program, CMS Transitional Care Management (TCM) services, and other payment models. [5] [6] [7] Consequently, health systems are increasingly implementing CTPs that meet the requirements for TCM and reduce unnecessary use.
CTPs are described extensively in the literature, with models ranging from unimodal, disease-specific interventions to multimodal comprehensive care coordination models. Reviews of CTPs suggest that multimodal, multidisciplinary interventions spanning time and settings are most effective for achieving positive outcomes. 3, 8, 9 A seminal randomized controlled trial of the Care Transitions Intervention demonstrated that a multimodal model can reduce hospital readmissions of individuals with complex care needs. 10 Other studies have shown that involvement of nursing in transitional care, in particular advanced practice nurses, can reduce hospital readmissions and improve patient outcomes. 8, [11] [12] [13] [14] [15] Another study established that the Geriatric Resources for Assessment and Care of Elders (GRACE) protocol improves quality of life and some usage and cost outcomes. [16] [17] [18] [19] Using core elements from these programs and others, CTPs have been implemented and studied in various settings and populations. 3, [20] [21] [22] [23] [24] [25] Further evidence from multidisciplinary, multimodal models implemented in nonresearch settings is necessary to determine the most effective models. 3, 8, 9, 26 A critical component of an effective CTP involves identifying the right population, stratifying that population into risk categories, and targeting interventions to individuals in those categories. Previous studies have quantified risk factors for hospital readmission; the models with the best predictive performance include data on vital statistics, comorbidities, prior use of medical services, functional status, polypharmacy, and social factors. 27 Using predictive models to identify individuals at higher risk of readmission allows health systems to target their CTP resources toward individuals who can benefit most. 26, 27 The identified risk factors can also help align necessary interventions, such as a medication safety intervention for polypharmacy, social work for inadequate social supports, or enhanced therapy for functional limitations.
Other core elements of CTPs commonly include education for self-management, including medication management; establishing a plan of care; connecting people to community and social supports; monitoring and managing symptoms in a timely manner; and coordination among the care team. 3, 9, 15 The elements are often achieved through enhanced hospital discharge activities, postdischarge nurse or pharmacist telephone calls, home visits by care team members, establishing a care team point person and enhancing care team communication, virtual or in-person interdisciplinary care team meetings, and a shared electronic health record. 3, 9, 15 These activities require additional resources and coordination that are not available in many health systems' usual care processes.
This study describes the practical implementation and outcomes of a nonresearch, evidence-based CTP that uses predictive data to target interventions. The University of Pittsburgh Medical Center (UPMC) is an integrated finance and delivery system. The UPMC Health Plan (UPMC HP) collaborated with UPMC Community Provider Services (UPMC CPS) to develop a CTP, called Home Transitions (HT). The purpose of HT was to identify older adults transitioning from hospital to home health services at medium or high risk of readmission and to provide a multimodal, multidisciplinary care transitions intervention with the goal of improving outcomes and reducing unnecessary healthcare use. The core clinical interventions in HT are home visits by nurse practitioners (NP) and social workers (SW). This study aimed to describe the HT program and evaluate its effectiveness in reducing hospital readmissions and observation or ED return as the 2 primary outcomes. The evaluation hypothesis is that individuals enrolled in HT, receiving visits from a NP, SW, or both, will have fewer hospital readmissions and observation or ED returns than matched individuals not enrolled in HT.
METHODS

Setting and Participant Selection
The HT program began in 2014 and was fully implemented by July 2015. This study evaluates UPMC HP members who were enrolled in the program between July 2015 and April 2017 upon discharge from one of 8 UPMC hospitals in Allegheny County, Pennsylvania, if they met the established HT criteria ( Figure 1 ) and accepted the program (UPMC HP Accepted HT). HT targeted adults aged 70 and older and individuals aged 55 and older who met specific additional needs criteria. The HT criteria were developed based upon a review of the evidence by a multidisciplinary team of UPMC clinical experts, post acute facility business leaders, and data analytic experts. The stratification of medium or high readmission risk is based on a predictive algorithm (Figure 1 ). For study purposes, individuals enrolled in the HT program were subdivided into those who received a visit from a NP or SW. The control population was Medicare FFS beneficiaries discharged from the same hospitals during the same period who met HT criteria but received usual care from home health services. The UPMC Quality Review Committee approved this study as quality improvement.
HT Overview
The programmatic goal for HT is to improve outcomes and reduce rehospitalizations of older adults with chronic health conditions during home health episodes and to refer appropriate individuals to supportive care programs upon discharge from home health. The program involves added care services that improve care coordination during transition from hospital to home health services and discharge from home health. The program uses staff from UPMC HP and UPMC CPS for the interdisciplinary care team and delivers the core elements of an effective CTP ( Figure 2 ). The HT program was designed using elements from several evidence-based CTPs but was mainly informed by the GRACE program. 16, 28 • The triggering event for HT is discharge of a UPMC HP beneficiary from a hospital to home health services. At this point, data from the hospital encounter, UPMC HP, and the home health admission are combined in UPMC's Care Transitions Manager (CTM) system, which calculates readmission risk and determines inclusion eligibility for HT ( Figure 1 ). A UPMC HP staff member finalizes acceptance into HT, and the individual is added to a program work list to begin services.
• Coordination of the care team activities is achieved through weekly teleconferences of the interdisciplinary team. On the call, NPs and SWs present cases, and the team develops plans for new program participants and discuss plans and actions for individuals under care. Masters-prepared nurse case managers, the main coordinating point persons, gather data from multiple systems, facilitate team meetings and communication between overseeing the home health episode. The team creates the plan to meet the individual's clinical and social needs. The home health team and the NP administer the plan. NPs also determine goals of care and conduct advanced care planning, often resulting in referrals to palliative and supportive services at the end of the home health episode.
• NPs monitor and manage symptoms and changes in the person's health condition, provide additional pain and symptom management, and make applicable changes to the care plan in collaboration with the overseeing physician. Coordination among the interdisciplinary team assures that monitoring and management occurs in a timely manner after discharge, with a face-to-face encounter within 5 days.
• Connections to community resources and social supports are primarily made through inclusion of a SW on the care team. Although SWs can be part of usual home health services, the HT program aims to include specially trained SWs more frequently for HT participants. The SW works with the nurse case manager to identify social needs and incorporate them into the care plan and uses interventions to assist with nutrition, activities of daily living (ADLs), and financial problems, among other things. The nurse case manager helps to facilitate connections to resources.
• The home health team and the NPs provide education for self-management using standardized education materials and methods customized to unique circumstances. A UPMC HP pharmacist is also available for consultation on medication reconciliation, changes in medication, and any other medication-related questions from the individual or the care team. Upon full implementation, HT serves approximately 1,800 individuals per year. Four and a half NP full time equivalents (FTEs) from UPMC CPS participate in HT, billing for their time as a Part B home-based encounter. Four SW FTEs are dedicated to HT, are specially trained for the population, and bill under the home health services benefit. Three UPMC CPS nurse case managers support HT. UPMC HP provides a care coordination fee to UPMC CPS to help offset program administrative costs and contributes approximately 12% of the medical director and a pharmacist. This investment assumes that greater coordination and management improve member outcomes and reduce unnecessary use. As described below, HT has been effective in meeting its programmatic goals. Some implementation challenges have been obtaining physician orders for SW inclusion in the home health team, programmatic capacity constraints for NPs, member acceptance of visits by NPs and SWs, and deploying all elements of the program before the end of the home health episode.
Data Collection and Outcome Measures
We identified participants for this analysis using the CTM system, which receives and integrates data from several source systems to determine whether individuals meet the HT criteria (Figure 1) . CTM was used to identify 5,168 inpatient encounters for UPMC HP or Medicare FFS beneficiaries that met criteria for HT during the study period. The first inpatient admission of each participant is the index admission, with more than one index admission counted if admissions were separated by more than 6 months. Of these, 1,968 encounters were removed from analysis: encounters within 6 months of an index admission (n = 1,202), declined HT (n = 683), planned chemotherapy admissions (n = 71), and individuals with UPMC HP and Medicare FFS (n = 12). The remaining 3,200 individuals were included in the analysis. Data on home health process measures, including visits by NPs and SWs, were captured from UPMC's outpatient and home health billing data: Epic (Epic Systems Corp., Verona, WI), McKesson Homecare (McKesson Corp., San Francisco, CA), and Encore (Delta Health Technologies, Altoona, PA). Outcomes measures include 30-and 90-day hospital readmission and 30-and 90-day observation or ED return at any UPMC hospital facility. Outcomes data were collected from UPMC hospital administrative databases and include data through July 2017 to allow for 90-day hospital returns.
Statistical Analyses
Participants were stratified into medium (n = 2,205) and high (n = 995) readmission risk groups for all statistical analysis. The outcome of interest was the effect of the intervention in the intervention group UPMC HP Accepted HT (n = 1,900) versus the control group Medicare FFS (n = 1,300). We used bivariate analysis to compare participant characteristics and unadjusted outcomes between the groups. Multivariable logistic regression was used to determine the effects of HT on hospital readmission and observation or ED return, controlling for participant characteristics and home health process measures. The control variables used in the regression model include: age, hospital length of stay, intensive care unit (ICU) use, Elixhauser Comorbidity Index, diagnosis of delirium, oncology service use, presence of eligibility diagnoses, use of hemodialysis, median income, need for assistance with ADLs, presence of a teachable caregiver, and whether the individual lived alone. The Elixhauser Comorbidity Index is a count of 31 comorbid conditions that predicts 1-year mortality. 29 Statistical analysis was conducted using Stata version 15.0 (StataCorp, College Station, TX).
RESULTS
Bivariate analysis of participant characteristics (Table 1) showed differences between the UPMC HP Accepted HT and Medicare FFS groups. UPMC HP Accepted HT members with medium readmission risk were significantly younger, had greater ICU use, and had lower median income. UPMC HP Accepted HT members with high readmission risk were significantly younger age and were less likely to undergo hemodialysis and to live alone. The home health process measures (Table 1) show that HT members saw a NP 42.6% of the time and a SW 54.1% of the time. Unadjusted 30-day hospital readmissions were not significantly different between the UPMC HP Accepted HT and Medicare FFS groups. Unadjusted 90-day readmissions were lower for UPMC HP Accepted HT members (18.3%) than for Medicare FFS beneficiaries (22.4%) at medium readmission risk (p = .02) but were not significantly different for those at high readmission risk. Unadjusted 30-and 90-day observation or ED returns were not significantly different between the 2 groups.
The results of the multivariable model (Table 2) , adjusting for participant characteristics and home health process measures, show odds of adjusted hospital readmissions and observation or ED returns for UPMC HP Accepted HT members relative to the Medicare FFS group overall and as subgroups who received a visit from a NP or SW within 30 days. The odds of adjusted 30-and 90-day readmissions and observation or ED returns were not statistically different between the overall UPMC HP Accepted HT and Medicare FFS groups. For individuals at medium risk of readmission, those in the HT program who had interacted with a NP or SW within 30 days had significantly lower odds of 30-(69%, p = .03) and 90-day (53%, p = .01) than Medicare FFS beneficiaries. HT members with a NP or SW visit within 30 days had significantly greater odds of a 30-day observation or ED return (90%, p = .001) than the Medicare FFS beneficiaries. For the group at high risk of readmission, HT members with a NP or SW visit within 30 days had significantly lower odds of 30-day hospital readmissions (53%, p = .01; 71%, p = .02, respectively) than the Medicare FFS beneficiaries.
DISCUSSION
This study, based in a real-world, nonresearch setting, demonstrates how implementation of an evidence-based CTP is associated with positive outcomes for UPMC HP members. HT includes the core elements of an effective CTP identified in the literature, as previously described (Figure 2 ). This joint effort illustrates how UPMC HP has invested in resources, such as a medical director, pharmacist, and care coordination fee, and UPMC CPS is able to bill for home health, including the SW, and home NP encounters as a Part B claim. Although these entities are part of an integrated finance and delivery system, this program could be implemented between any payer and provider. Furthermore, HT could help providers meet the requirements for CMS TCM billing.
6,7
The results indicate that HT, using NP and SW visits, was effective at reducing 30-and 90-day hospital readmissions for individuals at medium risk of readmission and 30-day hospital readmissions of those at high risk of readmission. The differences in the effect of the intervention could indicate that, at a higher level of illness, the intervention that HT offers was not sufficient for sustained effect and that additional intensive interventions involving more frequent visits or visits over a longer period, from homecare and physician appointments, may be needed. The data indicate that, for individuals at medium risk of readmission, an increase in observation or ED returns may be a counterbalancing measure that future enhancements to the program should address. Enhanced emergency planning and greater "on call" presence of homecare staff could help reduce observation and ED visits. 3 The results of this study are consistent with previous literature evaluating CTPs. 3, 8, 9, [17] [18] [19] 26 An important contribution of this study is quantification of the role of NP and SW home visits, which had been a gap. 26 Although it may not be cost effective to deploy these resources for all patients, and there are implementation challenges, such as meeting capacity with NPs and gaining patient acceptance for NP and SW visits, this study suggests that stratifying people into readmission risk groups and applying rigorous inclusion and exclusion criteria can help health systems target efforts for hospital readmission reduction.
A limitation of the current study is that participants were not randomized to the intervention, introducing selection bias. Using a quasi-experimental study design to statistically control for participant differences, the methodology can help to overcome this bias. 30 Despite this design consideration, there could be remaining differences between UPMC HP accepted HT and Medicare FFS beneficiaries that are not accounted for in the model and could be associated with the outcomes. Nevertheless, the model includes clinical, functional, and social factors previously shown to best predict readmissions. 27 Although UPMC had not deployed programs to meet the CMS TCM requirements during the study period, it is possible that Medicare FFS beneficiaries could have been part of a non-UPMC TCM program. This study quantifies outcomes for 30-and 90-day intervals; further evaluation is needed of post-HT referrals to palliative and supportive services and longer-term outcomes. Finally, this study does not compare program implementation costs with the cost savings of reduced healthcare use.
This description of HT demonstrates that research-based models can be implemented using resources available to realworld health systems. Furthermore, the results indicate that such a model may improve outcomes, including reducing hospital readmission. UPMC and other health systems across the country are operating under government and payer programs that provide incentives for better quality and lower costs. Enhancing care coordination is a known approach to achieve these aims, and HT may provide an effective strategy for coordination during care transition.
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